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In the reaction of N-vinylindole with alcohol, two reactions compete: 
the addition of the alcohol and homopolymerization. N-(a-alkoxy- 
ethyl) indoles have been obtained for the first time. In the reaction 
of N-vinylindole with monocarboxylic acids, only homopolymeriza- 
tion takes place. 

Informat ion in the l i t e r a tu re  on the reac t ion  of N- 
vinyl compounds with alcohols is  ve ry  l imited.  It is 
known that N-vinylpyrro l idone  adds al iphatic a lcohols  
to the double bond of the vinyl group at room t e m p e r -  
a ture  in the p r e s e n c e  of hydrogen chlor ide  with the 
fo rmat ion  of a lkoxyethyl idenepyrrol idones  [1]. A cco rd -  
ing to patent informat ion,  s i m i l a r  products  a re  ob- 
tained by the action of phenols on N-v iny l lac tams  [2, 3]. 

This  paper  is devoted to the question, which has 
not been prev ious ly  studied, of the reac t ion  of N-v iny l -  
indole (I) with hydroxyl-conta in ing  compounds. 

Calculat ion of the e l ec t ron ic  s t ruc tu re  of the m o l e -  
cule of I by means  of the s e m i e m p i r i c a l  SCF MO LCAO 
method leads to high values  of the 7r-electron densi ty 
on the f l -carbon atom of the vinyl group [4]. This  p e r -  
mit ted us to assume that the addition of alcohols to I 
should take place in accordance  with Markovnikov 's  
rule .  

The reac t ions  of I with methanol,  ethanol,  propanol,  
and butanol, and also with phenol, were  studied. It 
was found that in these cases  there  a re  two compet ing 
reac t ions .  Under the influence of acid ca ta lys t s ,  not 
only does the alcohol add to I at the double bond of the 
vinyl group, but the I also p o l y m e r i z e s :  
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Depending on the t e m p e r a t u r e  conditions of the r e -  
action, the o rder  of addition of the reac tan t s ,  and the 
na ture  of the hydroxyl-conta in ing compound, one di-  
r ec t ion  of the p roce s s  or the other  p redomina tes .  If 
the r eac t ion  is  c a r r i e d  out at room t empera tu re ,  by 
analogy with N-v iny lpyr ro l idone ,  in the p resence  of 
catalyt ic  amounts of HCI in an alcoholic medium only 
the homopolymer iza t ion  of I takes place,  and the sec -  
ond reac tan t  does not take par t  in an addition r eac t ion  
and is r e c o v e r e d  quant i ta t ively when the reac t ion  mix -  
ture is dis t i l led.  Methanol and ethanol a re  capable of 
r eac t ing  with I under except ional ly  mild conditions r e -  
ducing the poss ib i l i ty  of its po lymer iza t ion  to a minimum.  

Thus,  the reac t ion  between methanol  and I takes 
place at t e m p e r a t u r e s  below 0 ~ C. The yield of N-(c~- 

meth0xyethyl)indole (II) amounts to 66%. Ethanol r e -  
acts  with I at 0 ~ C to fo rm N-(c~-ethoxyethyl)indole 
(III) with a yield of 74%. A sl ight  r i s e  in the t e m p e r -  
a tu re - - fo r  example  to 3 - 5  ~ C-- leads  to a marked  de :  
cr  ease  in the yield of addition product (to about 15-17%). 
With an i n c r e a s e  in the molecu la r  weight of the alcohol,  
i ts  act ivi ty  in addition to I fa l ls .  We succeeded in syn-  
thes iz ing  N-(a~-propoxyethyl)indole (IV) with a yield of 
only 18%, the r e m a i n d e r  of the ini t ial  I being conver ted  
mainly  into po lymer .  It was imposs ib le  to obtain an 
addition product  with n-butanol  or  phenol, s ince I po-  
l y m e r i z e s  quant i ta t ively in an acid medium at t e m p e r -  
a tu res  c lose  to room t e m p e r a t u r e  and above [4]. 

An at tempt to obtain N-(a-butoxyethyl) indole  indi-  
r e c t l y  by the action of butyl vinyl e ther  on indole was 
a lso  unsuccessful .  

The c o r r e c t n e s s  of the s t ruc tu re  of N - ( a - a l k o x y -  
ethyl)indoles synthes ized was shown r e f r a c t o m e t r i c a l l y ,  
by a study of thei r  IR spec t ra ,  and also by their  hydro-  
lyt ic  decomposi t ion.  In the IR spec t rum of N - ( a - m e t h -  
oxyethyl)indole,  there  are  bands with f requenc ies  in 
the 3050 cm -1 and 1620-1520 cm -1 reg ions  that a re  
c h a r a c t e r i s t i c  for  the indole r ing  and bands at 1060- 
1150 cm -1 cor responding  to the a s y m e t r i c  s t re tch ing  
v ibra t ions  of the C--O--C group. In the addition product,  
the band at 1640 cm -1 had d isappeared  and there  was 
absorpt ion a t  2940 c m - i ,  which is  apparent ly  due to 
the p r e sence  of the methyl  group in the ethylidene 
rad ica l  [5]. 

A conf i rmat ion  of the addition of a lcohols  to I in 
accordance  with Markovnikov 's  ru le  is the fact  that 
all  the compounds obtained hydrolyze under the act ion 
of dilute sulfur ic  acid at 40 ~ C with the format ion  of 
acetaldehyde,  indole, and the cor responding  alcohol.  

The N-(a-a lkoxyethyl ) indoles  a r e  h igh-bo i l ingo i ly  
l iquids decomposing on d is t i l la t ion  under a tmospher ic  
p r e s s u r e ,  s table on s torage ,  and soluble in acetone,  
ethanol,  and e ther .  

Our exper imenta l  invest igat ions  c a r r i e d  out with 
the a im of obtaining products  of the addition of mono-  
carboxyl ic  acids to I were  unsuccessful .  In spite of a 
wide var ia t ion  in the r eac t ion  conditions,  it was i m -  
poss ible  to effect  the acylat ion of I at the double band 
of the vinyl group with such acids as fo rmic ,  acet ic ,  
butyr ic ,  i sobutyr ic ,  and v a l e r i c .  The I po lymer ized  
instantaneously or  in the course  of s eve ra l  hours ,  ac-  
cording to the s t rength of the ini t ial  acid.  

EXPERIMENTAL 

N-(a-Methoxyethyl)indole (II). A solution of 1 g (7 raM) of I in 
15 ml of ethanol was added over 2 hr to a solution of 0.3 g (9.4 raM) 
of absolute methanol in 15 ml of acetone with the addition of two drops 
of hydrochloric acid at -8 ~ C. After 30 rain, the reaction mixture was 
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neutralized with potassium carbonate. The solvent and unchanged 
methanol were distilled off, and vacuum distillation of the residue 
yielded 0.8 g (66%) of II, bp 95 ~ C (2 ram); (n~ 1.5635; d~ 1.0593). 
Found, a]o: C 75.47; H 7.46; N 8.12; MR D 53.67. Calculated for 
(C~tHmNO), %: C 75.42; H 7.42; N 8.00; MR D 53.68. 

N-(a-Ethoxyethyl)indole (Ill). A solution of 2.2 g (15 raM) of 1 
in 30 ml of acetone was added over 3 hr 30 rain to a solution of 2 g 
(43 raM) of absolute ethanol in 10 ml of acetone containing two drops 
of hydrochloric acid at 0 ~ C. After neutralization with potassium car- 
bonate, vacuum distillation yielded 2.2 g (74%) of lII, bp 115 ~ C 
(3 ram); (n~ 1.5600; d4 z~ 1.0382). Found, ~o: C 76.81; H 7.93; N 7.18; 

MR D 58.85. Calculated for (CI2HisNO), %: C 76.16; H 7.46; N 7.40; 
MR D 58.29. 

A mixture of 0.83 g of III and 20 ml of 0.5% HzSO4 was heated in 
a sealed tube at 40 ~ C in an atmosphere of nitrogen for 6 hr and was 
then poured into a cooled solution of 2, 4-dinitrophenylhydrazine to 
yield 0.2 g of acetaldehyde 2, 4-dinitrophenylhydrazone, mp 145-146 ~ 
c [6]. 

N-(a-Propoxyethyl)indole (IV). A solution of 1.9 g (13 raM) of I 
in 10 ml of acetone was added over 2 hr to a mixture of 1.3 g (22 raM) 
of n-propanol in 20 ml of acetone containing two drops of hydrochloric 
acid at 3-5  ~ C. After neutralization with potassium carbonate, vacuum 
distillation yielded 0.6 g (18.7%) of IV, bp 145 ~ C (3 mm); (n z~ D 1.5458; 
d~ ~ 1.0191). Found, %: C 76.80; H 8.26; N 6.47; MR D 63.04. Calcu- 
lated for (Cr~H17NO), %: C 76.81; H 8.43; N 6.88; MR D 62.91. The 
residue after vacuum distillation was dissolved in 2 ml of acetone and 
precipitated with 50 ml of ethanol. This nave 0.96 g of poly(vinylin- 

dole), mp 185-216 ~ C. Found, %: N 9.58. Calculated for (C10HsN)n , 
%: N 9.79. 
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